Introduction
Eglington (2000) developed a desktop database system, called DateView, to compile geochronological data and to facilitate querying of the data so as to compare the chronostratigraphic development of different areas. This paper provides a brief introduction to this software and illustrates its use in a review of the development of the Kaapvaal Craton and Limpopo Belt and their cover successions until the formation of the Mesoproterozoic Namaqua-Natal Belt. Shirey et al. (2004) provide a review of the geochronology of the mantle lithosphere of the Kaapvaal Craton, as revealed by isotope investigations of diamonds, their inclusions and of mantle xenoliths, hence this topic is not covered here. Chronostratigraphic development of crust in the region is depicted pictorially in order to provide a perspective not previously available.
Methodology
DateView is a desktop relational database system created using Paradox TM data tables with a user interface developed using Delphi TM . The software is designed to store a variety of information such as lithostratigraphic unit, date, isotope system, material analysed, analytical technique, simple interpretation of a date and links to the structural domains within which a unit occurs and to the geographic localities of samples. Figure 1 illustrates the design of the DateView database, in which a 'core' table contains the principle geochronological data, supported by a number of 'lookup' tables (italicised headings in figure) and of tables for supplementary information e.g. initial composition, statistics, sample details and original isotope data (non-italicised headings). The 'lookup' tables ensure consistency in the nomenclature used and that typographic errors do not
The Kaapvaal Craton and adjacent orogens, southern Africa: a geochronological database and overview of the geological development of the craton propagate duplicate records whilst a composite primary key on the geochronology data table (bold typeface field names in figure) ensures that the database system rejects duplicate information. Details of the original source of the data are captured in a 'lookup' table with links to the geochronological records. A simple but non-partisan quality assessment rating (preference level in the geochronology data table) is included in each record so as to help distinguish better data from less well constrained information. This rating system is based on the statistical validity of the data processing, the amount of analytical detail provided by the original researchers and whether the date recorded is consistent with known geology. With this system, it is possible to extract, for instance, only information for zircon analysed by the UPb method on SHRIMP where the dates reflect metamorphism in a particular terrain or for a particular unit. Further details of the software are provided by Eglington (in press ).
The software is easy to use, as illustrated in Figure 2 . First, the user defines a query by selecting terms from drop-down lists from one or more of the 'lookup' tables. The example provided defines a search to extract all crystallisation age information from both the Witwatersrand and Kimberley terrains for the time period from ~3.55 Ga to ~1.95 Ga. Once the query has been executed, the software provides an interface to the selected data via a number of tabsheets, the principle one being illustrated in Figure 2 . Users may step through the selected records to check out the information contained or may proceed to graph the data in a number of ways, two of which are illustrated. One of the most useful approaches for comparing the geochronological record for large data sets is the use of summed probability distributions. This is illustrated in Figure 3 and was programmed in the DateView interface following techniques provided by Press et al. (2002) . Summed probability distributions assume that each date may be represented by a Gaussian probability distribution and that the areas under a series of such curves may be summed so as to represent age ranges in which either more activity or more precisely dated activity is evident relative to parts of the age spectrum in which fewer or less precise dates occur. This approach avoids the influence of bin size on histograms whilst also taking into account the age uncertainty inherent in all geochronological information. The net effect of this approach is that better quality data will generally produce more prominent peaks in summed probability distributions (Figure 3 ). The one exception to this is for Pb-Pb zircon evaporation data where statistically very precise dates e.g. +0.1 Ma are commonly reported but the geochronological validity of the resulting date can not be constrained by considering the degree of discordance. The DateView interface thus allows the user to set a minimum date uncertainty (say, +1 Ma) when constructing summed probability distributions. All uncertainties less than the cut-off are increased to the cut-off value. Alternatively, zircon evaporation data may be excluded from the subset of information selected but this is often impractical, given the paucity of alternative information available in some areas.
The database comprises 7552 records to date, of which 876 are relevant to the evolution of the Kaapvaal Craton and Limpopo Belt (Figures 6 and 9 ). Wherever possible, dates have been corrected and stored using currently accepted decay constants and these values recorded in appropriate fields of the database. The database is able to store and distinguish between dates calculated with and without decay constant uncertainties but the Kaapvaal Craton data have not been recalculated to include such uncertainties. In addition to published Ma. One of the 159 records found with this query is shown in step b. Other tabsheets provide access to additional information for this record.
Step d illustrates two of the graphs which may be constructed. The summed probability curves may be exported in an Excel spreadsheet for offline plotting. data, the database contains information from ongoing investigations in collaboration with various researchers. Access to these unpublished data is restricted, using one of the fields in the principle geochronology table. A pdf file listing the public data used in this compilation and the references from which they were drawn may be downloaded from the ftp site ftp:\\krakatoa.usask.ca (folder \ftp\pub\publications) 1 or by accessing an online version of the database at http://krakatoa.usask.ca. Copies of the DateView software, for use in compiling personal data sets, may be downloaded from folder \ftp\pub\software on the ftp site. Larger versions of the colour maps may also be obtained from the \publications sub-folder of this ftp site.
The Kaapvaal Craton database compilation is dominated by more modern, precise and accurate data i.e. by U-Pb zircon dates (Figure 4 ), which provide igneous crystallisation or high grade metamorphism ages (Figure 4 ). Many older, bulk-population zircon dates (especially single sample model  207 Pb/  206 Pb dates) which do not support the more modern data and appear to reflect disturbed isotope systematics or mixing, have not been added to the system. Numerous Rb-Sr wholerock dates are classified in the database as "disturbed", based on experience in the Namaqua-Natal Belt (see Figure 5 ) and elsewhere. Some of the Kaapvaal Craton Rb-Sr, Sm-Nd and Pb-Pb dates appear consistent with contemporaneous U-Pb zircon dates and the original interpretation of these dates as recording the time of crystallisation or metamorphism has been accepted. In a few cases, whole-rock dates are all that are available and, unless incompatible with the regional geology, their original interpretations have been retained. Figure  4 illustrates the number of records in the database for different isotope systems. Isotopic data for minerals which typically reflect cooling through closure temperatures below about 500 o C have been captured but are not included in the summary provided here, nor are crustal residence data (e.g.
Nd T DM dates). This compilation does not distinguish between the techniques utilised for determining dates from minerals such as zircon, although this information is stored in the database, as is also shown in Figure 4 . The latitude and longitude of localities at which samples were collected have been recorded in the database as best possible within the constraints of the original information provided. In many cases, this has been done by comparison of ArcView digital maps with diagrams presented in original publications. These localities are inherently less precisely defined than those in which authors have provided latitudes and longitudes and the database design contains fields to reflect the geographic uncertainty.
In order to facilitate comparisons of the timing of activity in different parts of the Kaapvaal Craton and the Limpopo Belt, the Craton has been subdivided into four informal terrains based on geological, structural or aeromagnetic lineaments, faults and thrusts. The boundary of the Kaapvaal Craton ( Figure 6 ) has been inferred from the aeromagnetic map of Southern African Development Community (SADC). The Kaapvaal Craton is thus considered to comprise Swaziland (in the southeast), Witwatersrand (central), Kimberley (west) and Pietersburg (north) terrains (plus another possible terrain in the extreme north-west; Figure 6 ). The Swaziland terrain is bounded in the north by the Inyoka fault which bisects the Barberton Greenstone Belt (De Wit et al., 1992; De Ronde and De Wit, 1994) and is here extended south-west beneath Phanerozoic sediments to the edge of the Kaapvaal Craton. A number of alternative positions for an equivalent terrain boundary have been used in the past: De Wit et al. (1992) had it pass north of Johannesburg whereas De Wit (1998) placed the boundary south of Johannesburg. Additional lineaments and faults, potentially with regional significance, are illustrated by Friese et al. (1995) . For the purposes of this summary, the boundary between the Swaziland and Witwatersrand terrains has been arbitrarily positioned to pass through a zone in which no geochronological information is available but it is realised that this will need to be addressed in future as more geochronological, isotopic and geological information become available. cover of South Africa and Botswana (SADC compilation) whereas the southern boundary of the Pietersburg terrain is taken as the Thabazimbi-Murchison Lineament.
The southern boundary of the southern marginal zone of the Limpopo Belt is taken as the Hout River Shear Zone . The Palala Shear Zone, and its westerly extension into Botswana, is the southern boundary of the Limpopo Belt central zone. Lithostratigraphic units recognised by the South African Committee for Stratigraphy (SACS) were transferred from the Council for Geoscience's corporate database to a desktop database system ( Eglington, 2001; Eglington et al., 2001) 2 and the information joined to the DateView database using appropriate key-fields. Dates were associated with each of the SACS units where available and interpolated where necessary so as to cover the entire South African lithostratigraphic succession. These database records were then linked to a digital version of the 1 : 1 000 000 geological map of South Africa, Lesotho and Swaziland (Council for Geoscience) and to the 1 : 1 000 000 geological map of Botswana (Key and Ayres, 2000) using ArcView TM to produce a series of maps illustrating the distribution of rock units formed at different times. The boundary times used to construct these maps are based on periods at which there was little or no igneous and metamorphic activity in the dated geochronological record. Complimentary Gaussian summed probability distribution graphs for crystallisation and metamorphism (> ~500°C closure temperature) dates help illustrate the The DateView database used in this paper provides a comprehensive compilation of data for southern Africa but even so, the influence of selective sampling in the field and across the geological record is evident. For instance, a better geochronological record of igneous lithologies is available than is the case for sedimentary units.
Regional summary -the Kaapvaal Craton and surroundings
The oldest dates obtained for southern Africa are recorded in detrital zircons from the Ngwane and Dwalile gneisses (Ancient Gneiss Complex) of Swaziland (3702 + 1 Ma, 3683 + 10 Ma and 3644 + 4 Ma) (Compston and Kröner, 1988; Kröner et al., 1996) although there was also significant igneous activity in this area from ~3.6 Ga to ~3.5 Ga (Figure 7a , Figure 10 and Figure 11 ). Detrital grains in metapelite of the Beit Bridge Complex, central zone of the Limpopo Belt, are as old as 3709 + 3 Ma (Kröner et al., 1998) (Figure 10 ) but the oldest dated rocks from this domain are onlỹ 3.3 Ga (Kröner et al., 1999) (Figure 11 ). The southeastern portion of the Kaapvaal Craton, extending from southern Swaziland northwards to the southern exposures of the Barberton Greenstone Belt clearly formed the nucleus of what was to become the Kaapvaal Craton with early development of the Ancient Gneiss Complex (~3550 Ma to >3683 Ma) followed by Onverwacht Group volcanism. Dominant periods of igneous activity within the pre- Fig Tree successions were at ~3.55 Ga, ~3.5 Ga and ~3.45 Ga (Figure 11 ). Onverwacht Group volcanism commenced as early as 3.55 Ga, as recorded in the Theespruit Formation (Kröner et al., 1996) . Dating of the Komati Formation demonstrate that this unit formed at ~3.47 to ~3.48 Ga . Many felsic tuffs and interlayered sheets near the top of the Onverwacht succession provide ~3.45 Ga dates, similar to the ages of some of the tonalite-trondjhemite-granodiorite (TTG) plutons along the southern edge of the Barberton Greenstone Belt with which they are believed to be genetically correlated (De Ronde and De Wit, 1994) . Wilson and Carlson (1989) , Carlson et al. (2000) and De Wit et al. (1992) have suggested that the protoKaapvaal Craton expanded southwards over the next 200 million years, based on ~3.2 Ga Sm-Nd dating of minerals and whole rocks from the Nondweni Greenstone Belt near the south eastern limit of exposures of the craton. Dates of ~3.29 Ga for granodiorite intrusive into the Nondweni Greenstones and of ~3.41 Ga for magmatic zircons from the Nondweni Greenstones demonstrate that the >~ 3.4 Ga proto-craton covered a wider area than previously surmised. Inherited zircons in Ventersdorp lavas from the Witwatersrand terrain may indicate that the protocraton extended even further west. Wit et al. (1992) and De Wit (1998) , the suture formed at ~3.23 Ga is here inferred to be of regional significance and has been used to separate a south-eastern, Swaziland terrain from a central, Witwatersrand terrain ( Figure 6 and most subsequent maps). Felsic igneous activity within the Barberton Greenstone succession has been correlated with coeval emplacement of various TTG plutons exposed at the margins of the Belt (De Wit et al., 1987; De Ronde and De Wit, 1994 Various granitoid intrusions along the eastern margin of the Kaapvaal Craton, many from tonalitetrondjhemite-granodiorite (TTG) associations, also preserve crystallisation dates from this ~3.37 Ga to ~3.14 Ga period, the most extensive of which comprise the Halfway House granitoids of the Johannesburg dome, and the Kaap Valley tonalite, Nelshoogte gneiss and Anhalt leucotonalites of the south-eastern Kaapvaal Craton (Figures 7c and 11 ). Widespread intrusion of granites also occurred throughout the eastern Kaapvaal Craton at ~3.1 Ga (Figures 7d and 11) , including the sheet-like Mpuluzi granite and the Nelspruit and Makhutswi granitoids north of the Barberton Greenstone Belt. Deposition of the Moodies Group sediments, the final component of the Barberton Greenstone Belt, terminated at this time, approximately 400 million years after initiation of activity within the belt.
At the same time (~3.1 Ga) there was further plutonic igneous activity in the central Kaapvaal Craton (Witwatersrand terrain) and the start of deposition of the Dominion Group. Formation of the Kraaipan and associated greenstone belts in the Kimberley terrain and of early phases of the Murchison Greenstone Belt in the Pietersburg terrain also occurred at this time ( Figure 12 ). Volcanism in the Pietersburg Greenstone Belt and most of the dated volcanic activity in the Murchison Greenstone Belt occurred at ~2.95 Ga (Figure 12 ). Only limited data are available for most of the greenstone belts ( Figure 12 ) and the simple age patterns for many of the belts could well be a consequence of insufficient data. Certainly, in all cases where more data are available, more complex histories are apparent.
Granitoids intruded on either side of the Witwatersrand -Kimberley boundary during the period from ~3.04 Ga to ~2.88 Ga (Figures 7e and 7f ) and the Colesberg magnetic anomaly, which marks the boundary between these two terrains, possibly originated at this time as a result of juxtaposition of the terrains (Schmitz et al., in press associated with thrusting at relatively shallow levels in the crust (De Wit and Tinker, 2004 (Armstrong et al., 1991) . Detrital zircons and xenotime in the Witwatersrand succession are consistent with post-~2.9 Ga deposition whilst U-Pb dating of diagenetic xenotime from several horizons of the Central Rand Group implies that sedimentation in these units was complete by ~2.78 Ga (Kositcin et al., 2003) . Igneous activity in the Swaziland and Witwatersrand terrains continued until ~2.6 Ga ( Figure 11 ) but was primarily concentrated along the northern and western margins of the craton (Figure 7f) . Sedimentation in the south-east was complete by ~2.87 Ga, when the mafic to felsic Usushwana Complex intruded the Pongola Supergroup whilst deposition of the Central Rand Group of the Witwatersrand basin was terminated at ~2.71 Ga, the date of onset of extensive development of Ventersdorp volcanics in major extensional grabens (Figure 7g ) (Tinker et al., 2002) . Various, mostly late-to post-tectonic granite plutons and suites (e.g. Gaborone granite suite and post-Pongola granite plutons) were intruded across the craton at about this time too (Figure 7g) . The Kanye volcanics, coeval with the Gaborone granite suite, predate the lower Ventersdorp Makwassie and Klipriviersberg lavas, the only parts of the Ventersdorp Supergroup succession yet dated. The presence of pre-2.75 Ga granitoids across large areas of the Kimberley terrain and on either side of the Kimberley -Witwatersrand suture zone (Figures 7e  and f) indicates that accretion of the Kimberley terrain occurred some 300 million years before ~2.75 Ga igneous activity in the Amalia Greenstone Belt. These latter dates presumably reflect some younger, preVentersdorp activity rather than an anomalously young episode of greenstone belt formation and accretion to the proto-Kaapvaal Craton, as suggested by Poujol et al. (2002) .
It would appear that development of the preserved limits of the Kaapvaal Craton was finalised by ~2.75 Ga as subsequent activity was concentrated within or on top of the cratonic lithosphere or in the form of cratonmobile belt interactions such as the Limpopo and Namaqua-Natal Belts (see later). Geological evidence e.g. Tinker et al. (2002) suggests that the Kaapvaal Craton was more extensive than is currently preserved and the detailed record of igneous and metamorphic activity captured in this DateView database might facilitate comparisons with other terrains considered as possible candidates for original extensions of the Kaapvaal Craton. ~2.75 Ga to ~2.65 Ga was the first period in the development of the Kaapvaal Craton during which there is extensive preservation of geochronological evidence for high grade metamorphism (Figure 11 ). Zircon crystals from the western, central and northern Kaapvaal Craton and from the southern marginal and central zones of the Limpopo Belt occur either as metamorphic rims on older grains or as discrete metamorphic crystals (Retief et al., 1990; Kröner et al., 1999; Kreissig et al., 2001; Reimold et al., 2002; Schmitz and Bowring, 2003) .
The period from ~2.65 Ga to ~2.6 Ga saw the development of proto-basins for the Transvaal Supergroup (Figure 7h orogeny along the northern boundary of the craton (Figures 7h, 11, 13 and 14) . Active igneous activity, primarily associated with the Limpopo Belt continued until ~2.5 Ga (Figure 14) with the intrusion of various late-to post-tectonic granitoids (Figure 7i ). Zircons in air-fall tuffs intercalated with carbonate (Malmani and Campbell Rand Sub-groups) and ironstone (Penge Formation and Asbestos Hills Sub-group) sediments of the Transvaal Supergroup record igneous activity from both the central and western (Griqualand) depocentres from ~2.6 Ga to ~2.4 Ga (Figures 7i and 11) .
Transvaal Supergroup siliciclastic sediments (Pretoria and Postmasburg Groups) accumulated during the period from ~2.4 Ga to ~2.1 Ga (Figures 7j and 11) . Although there was extensive, episodic extrusion of lavas at various stages during the accumulation of this succession, very few geochronological data are available from these rocks. Attempts have been made to date lavas and dolomites within the upper Transvaal Supergroup with suggested Rb-Sr and Pb-Pb whole-rock dates of ~2.2 Ga for the Ongeluk Formation and for the Hekpoort andesite and ~2.4 Ga for the Mooidraai dolomite. Attempts to confirm these dates and to date volcanic horizons within the middle and upper parts of the Transvaal succession using techniques more resistant to later resetting (e.g. U-Pb zircon), have been frustrated by the ubiquitous inheritance of older zircon grains and extensive metamictisation of all grains present, producing very discordant analyses. The latter alteration may be related to hydrothermal fluid flow induced by intrusion of the giant Bushveld Complex at 2.06 Ga. Deposition of the Transvaal Supergroup was terminated by the extensive volcanic extrusions of the Dullstroom Formation and Rooiberg Group subsequent to ~2.1 Ga. Rooiberg Group volcanism and intrusion of the granites and the mafic suite of the Bushveld Complex occurred at ~2.06 Ga (Harmer and Armstrong, unpublished data) (Figures 7k and 11 ). Extensive metamorphism (>~500 o C) at this time is evident across much of the craton except in the south-east. Even there, lower temperature closure systems have been disturbed at this time. Formation of the Vredefort dome due to the impact of a large meteorite at about ~2.023 Ga occurred 34 million years after intrusion of the Bushveld Complex. There is also extensive geochronological evidence for high grade deformation, metamorphism and partial melting in the central zone of the Limpopo Belt at ~2.02 Ga to ~2.0 Ga (Figure 12 ). Whilst all of the published geochronological evidence for ~2 Ga highgrade metamorphism is limited to the central zone of the Limpopo Belt and its bounding shear zones (Figure 13 ), isotope systems which preserve lower temperature records of cooling indicate that this metamorphism extended into the marginal zones of the Belt as well, albeit at much lower grade. Most of the metamorphic evidence outside of the central zone is, however, concentrated along shear zones thought to have been reactivated during this period.
The ages of predominantly siliciclastic sediments of the Waterberg and Soutpansberg Groups were poorly constrained but U-Pb baddeleyite data presented by Hanson et al. (2004) demonstrate that several of the units comprising the Waterberg Group were deposited prior to 1.88 Ga, when dolerites intruded the succession in South Africa and prior to ~1.93 Ga when dolerites intruded the basal Waterberg Group (Mannyelanong Hill Formation) in Botswana. These authors further associate these dolerites with basaltic volcanism near the base of the Soutpansberg Group. A tuff in the upper part of the Palapye Group, a possible equivalent of the Waterberg Group in Botswana, has provided a U-Pb zircon crystallisation date of ~1.6 Ga , and is therefore younger than the main Waterberg succession further south in Botswana and South Africa. Further west, on the Craton, the basalts of the Hartley Formation (Olifantshoek Supergroup) were extruded at ~1.93 Ga whilst the Trompsburg mafic to felsic intrusion, which occurs beneath Phanerozoic sediments near the southern margin of the Kaapvaal Craton, has been dated at ~1.92 Ga (Maier et al., 2003) .
Off-craton, the period from ~2 Ga to ~1.4 Ga was associated with the formation of the calc-alkaline lavas and granitoids of the Richtersveld Sub-province of the Namaqua-Natal Belt. Isotopic evidence shows that the crust formed during this period extends southwards into various terrains of the Bushmanland Sub-province (Barton, 1983; Reid et al., 1997; Eglington and Armstrong, 2003) . Various stratigraphic units within the Kheis Sub-province (Figure 8 ) are also assumed to have formed during this period (Hartnady et al., 1985; Moen, 1999) but supporting geochronology is generally tenuous or absent, or is no longer applicable to the Kheisian tectonic fabric (Moen, 1999) , as is discussed below.
The Kheis Sub-province of the Namaqua-Natal Belt forms a transition zone between the Kaapvaal Craton and the high grade metamorphic lithologies characteristic of the Gordonia Sub-province of the Namaqua-Natal Belt (Figure 8 ). Stowe (1983; 1986) recognised that tectonic fabrics within the Kheis domain and in the Olifantshoek Supergroup predated the main Namaqua fabric. Nicolaysen and Burger (1965) reported an ~1.71 Ga (no uncertainties given) Rb-Sr muscovite model date for Kaaien schist from Blaauwputs, Marydale and Burger and Coertze (1974) reported a minimum ArAr date of >~1.78 Ga (no uncertainties or decay constants given) for lava of the Kaiing Formation. The latter date was subsequently linked to mafic schist of the Groblershoop Formation (Schlegel, 1988) . Subsequent interpretations of the Kheisian tectonism as being latePalaeoproterozoic all appear to be based on these data. Various, generally disturbed, Rb-Sr, Pb-Pb and U-Pb (bulk population zircon) dates have been determined for the basalts of the Hartley Formation (Armstrong, 1987; Cornell, 1987) but SHRIMP (Armstrong, unpubl. data) and zircon evaporation (Cornell et al., 1998) determinations have shown that this formation is ~1.93 Ga in age. Cornell (1998) obtained a 1750 + 60 Ma RbSr biotite-whole-rock date on a pristine dolerite (Mamutlan dolerite) which intrudes the Hartley basalts and concluded that the Kheisian fabric must be older than this date. Humphreys and Cornell (1989) described high grade metamorphism within the Kheis domain and the Kheis domain has become entrenched in the literature as a major late-Palaeoproterozoic orogenic belt which has had significant impact on the interior of the Kaapvaal Craton e.g. Duane et al. (1991a; and Thomas et al. (1994) . The domain has been further linked to ~2 Ga granitoids in the Okwa fragment of Botswana and to the Magondi Belt of north-west Zimbabwe (Stowe, 1989) . Dating of the Hurungwe granite, which post-dates granulite grade metamorphism in the Magondi Belt, shows that this metamorphism must have occurred prior to extrusion of the Hartley basalts of the Olifantshoek Supergroup, hence correlation of the Olifantshoek and Magondi successions is not appropriate (McCourt et al., 2000) . Moen (1999) has shown that previous interpretations which placed the boundary between the Kheis domain and the Kaapvaal Craton at the Blackridge thrust near the base of the Olifantshoek Supergroup are incorrect and that the eastern limit of the Kheis domain is actually the Dabep fault. Moen's re-interpretation of the geology demonstrates that rocks of the Olifantshoek Supergroup predate the Kheisian tectonic fabric with the result that the Rb-Sr date for the Mamutlan dolerite and dates for the Hartley basalts are no longer relevant for dating the fabric. Moen (1999) also noted that the intrusive Kalkwerf gneiss is the oldest intrusion in the Kheis domain which exhibits the Kheisian tectonic fabric and referenced bulk population U-Pb zircon model 207 Pb/ 206 Pb dates of ~1.49 Ga and ~1.2 Ga for this unit. Recent SHRIMP zircon dating of the Kalkwerf gneiss (Armstrong and Moen, unpubl. data) has provided a date of ~1.29 Ga, which is the maximum age for the Kheisian tectonic fabric.
There has undoubtedly been post-Olifantshoek Supergroup, pre-Volop Group tectonism along the western margin of the Kaapvaal Craton, as demonstrated by Tinker et al. (2002) from geological and seismic investigations, but the age of the Volop Group is currently not known. Available geochronological data for the Olifantshoek Supergroup do not support a major period of late Palaeoproterozoic orogenesis in the region and further work is required to assess the extent and timing of the late Palaeoproterozoic deformation.
It is generally thought that the metasediments of the Bushmanland Sub-province were deposited at ~1.65 Ga, based on Sm-Nd dating of amphibolites within the succession (Reid et al., 1987) although some current investigations show that at least some of the Bushmanland Group supracrustal gneisses may be considerably younger (Bailie and Reid, 2000; Armstrong, and Council for Geoscience staff, unpublished; Raith et al., 2003) . Most of the units within the Namaqua-Natal Belt formed during the period from ~1.4 Ga to ~1.0 Ga (Figure 8) . Accretion of the various domains comprising the Namaqua-Natal Belt to the Kaapvaal Craton was finalised by ~1.06 Ga although metamorphism continued for some tens of millions of years thereafter.
Comparative geochronology of selected terrains

Kaapvaal Craton
As illustrated above, the Kaapvaal Craton experienced a protracted evolution with different terrains exhibiting distinct histories. The crystallisation and metamorphic record for the four Kaapvaal terrains have been plotted in Figure 11 , together with data from the southern marginal zone of the Limpopo Belt, and provides a fresh perspective on the geochronological evolution of the Craton. It emphasises the earlier development of crust in the south east, followed by crust formation in the central and northern sectors. The first preserved evidence for crust formation in the west is at ~3.2 Ga, substantially younger than elsewhere in the Kaapvaal Craton. Igneous and metamorphic activity during the period ~3.0 Ga tõ 2.5 Ga was concentrated in the western and northern parts of the Craton.
Whilst there is a tectonic break between the northern terrain of the Kaapvaal Craton and the southern marginal zone of the Limpopo Belt (the Hout River Shear Zone), it has been suggested that the southern marginal zone may be an extension of the Pietersburg terrain, reworked during orogenesis in the Limpopo Belt (Du Toit et al., 1983; Van Reenen et al., 1995; Kreissig et al., 2000) . Dates from the northern Kaapvaal Craton and from the southern marginal zone of the Limpopo Belt record similar events (Figure 11 ), but there are insufficient data available from the latter zone to perform any quantitative geochronological comparison of the two domains. Further geochronological investigations of the southern marginal zone of the Limpopo Belt are needed.
A strong ~2.05 Ga igneous and/or metamorphic (>500 o C) signature is present in the western and central sectors of the Kaapvaal Craton (Figure 11 ), but only lower temperature 'cooling' dates of this age are recorded in the northern sector of the Craton, the southern marginal zone of the Limpopo Belt and in the south-east of the Craton. In most cases this signature can be ascribed to intrusion of the Bushveld Complex (Figure 7k ) with additional, localised, intrusive activity related to the Vredefort event and the Phalaborwa carbonatite.
Limpopo Belt
The Limpopo Belt has been subdivided into southern marginal, central and northern marginal zones (Watkeys, 1983; Van Reenen et al., 1992) and geochronological data for crystallisation and high temperature (>500 o C) metamorphism of these zones are compared in Figure 13 and Figure 14 . The oldest recorded dates are preserved in detrital zircons from metapelites of the Beit Bridge Complex in the central zone (~3.71 Ga, Figure 10 and Figure 11 ) but the source of these grains is not known.
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Both the central and southern marginal zones record 3.2 to ~3.3 Ga crust formation whilst dates in this range are not known from the northern marginal zone. This might be a consequence of the limited data set available for both the southern and northern marginal zones. Younger, ~3.01 Ga and ~2.80 Ga dates are evident in the southern marginal zone but have not been recorded further north in the central and northern marginal zones. All three zones provide clear evidence of extensive igneous and metamorphic activity during the period ~2.6 to ~2.7 Ga. Both the central and northern marginal zones of the Limpopo Belt extend this period of activity to as young as ~2.5 Ga. Only the central zone contains extensive evidence for high grade metamorphism at ~2 Ga ( Figure 13 ) although, as noted earlier, evidence for lower grade metamorphism is present in the marginal zones and in the northern Kaapvaal Craton, particularly associated with shear zones.
The broad similarity in the age spectrum of the three zones during the ~2.7 Ga to ~2.55 Ga period, associated 'DWH 0D with granites identified as syn-to post-tectonic, and the absence ~2 Ga higher temperature activity in the marginal zones suggests that the principle period of orogenesis within the Limpopo Belt was from ~2.7 Ga tõ 2.5 Ga. Slight differences in the timing of igneous activity between the three terrains are, however, apparent. The summed probability distributions for igneous crystallisation and for metamorphism during the period from ~2.75 Ga to ~2.5 Ga have thus been illustrated in greater detail in Figure 14 , together with data from the Zimbabwe and Kaapvaal Cratons. Two of the most noticeable features of this figure are:
• An apparent decrease in the age of igneous activity from the southern marginal zone through the central zone to the northern marginal zone, and • The marked similarity in the ages of the youngest (pre-Limpopo Belt) greenstone belts of the Zimbabwe Craton, the post-greenstone belt Chilimanzi Suite of granites and the Great Dyke to activity in the Limpopo Belt. Recent geochronological investigations have shown that final consolidation of the Zimbabwe Craton only occurred after formation of the Upper Bulawayan Greenstone Belts (~2.63 Ga to ~2.70 Ga) when the Chilimanzi Suite granites (~2.55 Ga to ~2.62 Ga) were intruded (Wilson et al., 1995; Frei et al., 1999) . Formation of a rigid cratonic entity must have been essentially complete by the time the Great Dyke intruded at ~2.57 Ga (Wilson and Armstrong, 2000; Oberthür et al., 2003) . Oberthür et al. (2003) have also suggested that there is a progressive younging from west to east in the age of granitoid activity on the Zimbabwe Craton and in the northern marginal zone. However, some of the dates used to derive these conclusions are imprecise Rb-Sr whole-rock determinations, which might not record the true emplacement age of the units concerned. As illustrated in Figure 14 , the Upper Bulawayan Greenstone Belts formed at the same time (~2.67 Ga) as the syn-tectonic intrusion of the Matok granitoid in the southern marginal zone of the Limpopo Belt . Intrusion of the Chilimanzi granites to 'cement' the Zimbabwe Craton only occurred some 50 million years later (Frei et al., 1999) so there can not have been any major craton-craton collision at this stage. Van Reenen et al. (1995) suggested that the southern and northern marginal zones are coeval, based on geological similarities and the then available geochronological data, and that high grade metamorphism followed by thrusting was induced by craton-craton collision. The general pattern of ages younging from south to north across the Limpopo Belt appears more consistent with progressive accretion of terrains, presumably starting with the central zone to the Kaapvaal Craton at ~2.65 Ga (recorded by syn-to latetectonic granitoids in the central and southern marginal zones), so inducing thrusting of the southern marginal zone along the Hout River Shear Zone further onto the Kaapvaal Craton. Subsequent collision at ~2.58 Ga of the consolidated Zimbabwe Craton with this Kaapvaalproto-Limpopo Belt could explain the younger geochronological patterns in the northern marginal and central zones. More precise U-Pb zircon dating is required in order to distinguish between the different scenarios, as currently available data are not sufficiently precise (reflected by the broad summed probability distribution curves for the Chilimanzi, Razi and pre-Razi granitoids), and some of the crystallisation dates are based on Rb-Sr and Pb-Pb whole-rock systematics.
There is extensive evidence for resetting of mineralscale isotope systematics and partial melting throughout the central zone of the Limpopo Belt at ~2 Ga. In the few cases where similar dates occur in the marginal zones of the Belt, these are associated with E-W trending shear zones forming the boundaries between the marginal and central zones. If the principle period of craton-craton collision was at ~ 2.0 Ga, as has been suggested by Holzer et al. (1998) , then substantial granitoid melting might reasonably be expected, given the size and likely inertia of the two cratons involved. Contrary to this expectation, only limited ~2 Ga crustal melting has been reported. It seems more likely that thẽ 2 Ga dates are due to extensive reactivation of shear zones within the Limpopo Belt when substantial relocation of the central zone occurred (Schaller et al., 1999) .
The ~2 Ga dates for high grade metamorphism in the Limpopo Belt are similar to those reported from the Magondi Belt of north-west Zimbabwe. Stowe (1989) noted the similarity in age, lithology and geology of the Magondi (Zimbabwe) and Olifantshoek successions (South Africa and Botswana) and suggested that they might both have formed on a western passive margin of a combined Kaapvaal -Zimbabwe (Kalahari) Craton. He also inferred that both the Magondi and Olifantshoek successions were affected by a late-Palaeoproterozoic (~2 Ga) period of orogenesis, termed the Kheisian event in western South Africa. As demonstrated by McCourt et al. (2000) , the ages of these two successions are different. Metamorphism within the Magondi Belt is constrained to >~2.0 Ga, the age of the syn-to posttectonic Hurungwe granite (McCourt et al., 2000) , whereas the Hartley basalts, near the top of the Olifantshoek Supergroup, only formed at ~1.93 Ga (Cornell et al., 1998) , ~ 70 Ma later. The absence of geochronological evidence for significant latePalaeoproterozoic orogenesis in a Kheis Province, as noted earlier, makes it equally possible that the high grade metamorphism and tectonic activity in the Limpopo central zone of South Africa, Zimbabwe and Botswana might be correlated with that in the Magondi Belt of north-west Zimbabwe, as originally suggested by Stowe (1986) . Since aeromagnetic features curve around the south western Zimbabwe Craton (Figure 9 ), such a link might be feasible and warrants further investigation.
Source of sediments for the Witwatersrand basin
For some while it was popular to suggest that the orogenesis associated with the Limpopo Belt provided SOUTH AFRICAN JOURNAL OF GEOLOGY THE KAAPVAAL CRATON AND ADJACENT OROGENS: A GEOCHRONOLOGICAL DATABASE the source for the sediments deposited in the Witwatersrand basin (Burke et al., 1986; De Beer and Eglington, 1991; Robb and Robb, 1998) but the Limpopo Belt (maximum age for orogenesis ~2.7 Ga) is now recognised as too young (see above) to have formed an appropriate source. Alternative sources have therefore been suggested (De Beer and Eglington, 1991; Poujol et al., 1996; 1998a; Schmitz et al., submitted) . Figure 15 illustrates the geographic locality of units for which ~3.1 Ga to ~2.75 Ga crystallisation and metamorphism (>~500 o C) dates have been obtained i.e. the time frame within which the Dominion Group and Witwatersrand Supergroup were deposited. The northsouth alignment of most dated lithologies from this time period along a zone approaching the presumed western margin of the proto-Kaapvaal Craton (i.e. in the vicinity of the suture between the Kimberley and Witwatersrand terrains) and along an east to west zone within the Pietersburg terrain is striking although there are also dates from the south eastern portion of the craton, in the vicinity of the Pongola sedimentary basin. Some granitoids with equivalent crystallisation dates occur in the north western sector of the Witwatersrand terrain (Figure 15 ), so defining a northeast to southwest trending zone of igneous activity stretching across the Kaapvaal Craton. A zone of elevated crust to the west and north west of the Witwatersrand basin would fit in with principle derivation of the sediments from the south west, west and north, as indicated by regional sedimentary structures in the basin (Pretorius, 1981; Viljoen and Viljoen, 2002) . The spread of dates for detrital zircons (Poujol et al., 1998b) , detrital xenotime (Kositcin et al., 2003) and detrital pyrite (Barton et al., 1981; Robb et al., 1990; Robb et al., 1991; Robb and Robb, 1998) (Kirk et al., 2001) within the Witwatersrand basin match the age of this crust.
Conclusions
The oldest preserved rocks in southern African occur south of the Barberton Greenstone Belt in South Africa and Swaziland. With the exception of ~3.7 Ga detrital zircons from the Beit Bridge Complex in the central zone of the Limpopo Belt, the Swaziland terrain is also where the oldest detrital zircons have been found. This south-eastern portion of the Kaapvaal Craton thus seems to be a likely candidate for initial development of what was to become the Kaapvaal Craton. Subsequent scattered development of new crust occurred in the south-eastern, eastern and northern Kaapvaal Craton before being 'stitched' together by extensive granitoid intrusions at ~3.2 Ga and at ~3.1 Ga. Coeval activity is also evident in what later became the central zone of the Limpopo Belt. The locus of tectonic and igneous activity then moved, such that after ~3.0 Ga most igneous activity was concentrated in the west and north, culminating in the Limpopo orogeny at ~2.7 to ~2.55 Ga. The patterns of igneous activity from ~3.1 Ga to ~2.8 Ga outboard of major cratonic lineaments (Colesberg lineament in the west and ThabazimbiMurchison lineament in the north) may indicate that these lineaments represent suture zones along which the younger domains were accreted to finalise formation of the Kaapvaal Craton although alternative models are also feasible.
After ~3 Ga the lithosphere was sufficiently rigid to support development of the Dominion, Witwatersrand and Pongola sedimentary basins, followed by extensive volcanism during Ventersdorp times and concomitant granitoid activity throughout the craton. Subsequent geological activity, not necessarily evident in the available geochronological record, was concentrated on craton with the development of the widespread Transvaal Supergroup followed by extrusion of the Rooiberg felsites and intrusion of the Bushveld Complex at ~2.06 Ga. Deposition of sediments comprising the Waterberg and Soutpansberg Groups followed. Activity along the south western edge of the Kaapvaal Craton is mostly assumed to have terminated at ~1.93 Ga with formation of the Hartley basalts and other units of the Olifantshoek Supergroup. There is currently no geochronological evidence for major igneous or metamorphic activity postdating formation of the Olifantshoek Supergroup along the western margin of the Kaapvaal Craton until the early stages of the Namaqua-Natal Belt subsequent to ~1.4 Ga, despite structural and seismic evidence (Tinker et al., 2002) which demonstrate that thrusting in this region occurred subsequent to formation of the ~1.93 Ga Hartley basalts and prior to deposition of the (undated) Volop Group sediments. The Kheisian tectonic fabric is younger than ~1.29 Ga (Moen, 1999; Moen and Armstrong, unpubl. data) . Off-craton, new crust formed in the Richtersveld Subprovince (Vioolsdrif granitoids, Orange River lavas and sediments) at ~1.8 Ga but these were probably only accreted to the Kaapvaal Craton some 700 million years later during the Namaqua-Natal orogenesis.
Visualisation of geochronological data is greatly facilitated by access to databases such as the one illustrated here for southern Africa. Enhancement of the records stored in this DateView database to include information in addition to purely geochronological data e.g. by including model Nd and Os dates and more initial ratio data should further improve geochronological and chronostratigraphic summaries such as the one illustrated here. Regional tectonic and mineralisation models may also be prepared, based on these and other data. Even in its current simplified form, it is hoped that the data presented in the present paper will stimulate regional comparisons and studies.
